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SOI VOLTAGE-TOLERANT BODY-COUPLED PASS TRANSISTOR 


BACKGROUND OF THE INVENTION 

Field of the Invention 

5 > The invention generally relates to transistor devices which have a dynamic 

threshold and more particularly to a dynamic threshold device which has 
increased current capabilities. 

Description of the Related Art 

Silicon-On-Insulator (SOI) technology, which is becoming of increasing 
10 importance in the field of integrated circuits, deals with the formation of 

transistors in a relatively thin layer of semiconductor material overlying a layer of 
insulating material. Devices formed on SOI offer many advantages over their bulk 
counterparts, including: higher performance, absence of latch-up, higher packing 
density, low voltage applications, etc. However, SOI circuits, like other electronic 
15 circuits, are: First, susceptible to electrostatic discharge (ESD), a surge in voltage 

(negative or positive) that occurs when a large amount of current is applied to the 
circuit; and second, in need of providing an ideality (a constant voltage swing of 
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60 mV/decade over several decades of current) for analog applications, such as in 
phase-locked-loop circuits, voltage regulators, and band gap reference circuits. 

For ESD applications, to discharge ESD impulses, ESD protection 
schemes need a low voltage tum-on and a high current drive (the ability to 
generate or sink a large amount of current before a large amount of negative or 
positive voltage is developed). Traditional bulk overvoltage protection schemes, 
such as diode circuits, do not work well on SOI because of the presence of the 
SOI buried oxide. That is, conventional diodes on SOI have small current 
drivability because the current is carried laterally and is limited by the thickness of 
the semiconductor material. Thus, developing a new approach or a new type of 
diode was necessary for adequate ESD protection for SOI circuits. 

ESD robustness is important for SOI driver (buffer) and receiver circuits. 
Receiver circuits, pass transistors, test transistors, feedback keeper elements and 
other auxiliary transistors on input pins must be overvoltage tolerant to protect 
from ESD events, electrical overstress, and other high cunent and voltage 
conditions. Hence, robust elements are needed to provide ESD robust SOI 
receiver circuits. Input/output (I/O) networks and off-chip drivers must also 
provide ESD robust pull-up and pull down elements. Hence, n-channel or p- 
channel SOI transistors, used as both pull-up or pull-down elements must provide 
over-shoot and undershoot protection, electrical overstress protection and ESD 
protection. 
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An I/O circuit is very susceptible to gate overstress, overvoitage and 
electrostatic discharge/electrical overstress events. The pass transistor, typically 
used in receiver networks, bi-directional circuits and other applications is 
extremely useful in protecting against overvoitage and electrostatic discharge 
events. 

For overvoitage events, there are both positive and negative overshoot 
concerns that are typically addressed for receiver networks. For ESD events, there 
are both positive and negative events that occur on both the source and drain of 
the pass transistor (input or output side). Human body model (HBM) and 
machine model (MM) events occur on the pad side of the structure. Charged 
device model (CDM) events can occur on the receiver side. In all cases, voltage 
across the pass transistor that allows it to undergo secondary breakdown is a 
concern. In SOI technologies, there is also a concern that the diode is not formed 
relative to the bulk substrate. This prevents the operation of diode action relative 
to the bulk for negative undershoot or negative mode ESD phenomenon. 


SUMMARY OF THE INVENTION 


In one aspect, the invention provides a structure, method and apparatus 
which uses a body-limiting network in an ESD device on SOI chips. The 
invention uses a body-charging network to produce a more robust ESD. The 
invention uses an SOI body-augmenting network which modulates an SOI body 
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potential and provides a more robust ESD network. The invention provides RC 
discrimination and a body-limiting network in an ESD network on an SOI cliip. 
The invention also provides RC discrimination and body-charging networks in an 
ESD network. 

The invention includes RC discrimination and a SOI-body augmented 
network in an ESD network. The invention provides a RC discrimination-body 
controller, a body-modulation network, a SOI body-augmenting network, and a 
body-charging network, all for a halt-pass transistor. 

Thus, the invention provides a structure and method for a pass transistor 
device which includes a source, a drain opposite the source, a body between the 
source and the drain, and a circuit control network connected between the drain 
and the source (the circuit control network controls a potential voltage of the body 
and provides overvoltage protection to the pass transistor). The circuit control 
network includes a body-charging element. The body-charging element includes a 
Lubistor, a body- and gate-coupled silicon over insulator (SOI) diode element, at 
least one Lubistor, a silicon over insulator (SOI) metal oxide silicon field effect 
transistor (MOSFET), and a body- and gate-coupled silicon over insulator (SOI) 
metal oxide silicon field effect transistor (MOSFET) diode. The circuit control 
network includes a body-limiting element and a voltage divider network. The 
voltage divider includes at least one resistor. The resistor includes a buried 
resistor element and a silicon over insulator (SOI) metal oxide silicon field effect 
transistor (MOSFET). The circuit control network includes at least one resistor- 
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capacitor series configured element whose center node is connected to the SOI 
body of the pass transistor. 

Another embodiment of the invention is a silicon over insulator (SOI) 
metal oxide silicon field effect transistor (MOSFET) device which includes a 
body, a gate opposite the body, a resistive/capacitor discriminator connected to the 
gate, and a circuit control network connected to the body (wherein a potential 
voltage of the body is modulated by the control circuit network to provide 
electrostatic discharge (BSD) protection). The control circuit is connected to the 
gate, modulates the potential voltage of the body, and limits the body to a 
reference voltage. The control circuit includes at least one SOI MOSFET, at least 
one ESD SOI diode, at least one body/gate-coupled SOI diode, and n-channel and 
p-channel SOI MOSFETs, at least two RC discriminators and at least one control 
circuit network. The device further includes an input pad cormected to the gate, a 
drain adjacent the gate, and a source opposite the drain (wherein the control 
network is connected to the input pad and the drain and the source is connected to 
Vss). 


BRIEF DESCRIPTION OF THE DRAWINGS 


The foregoing and other objects, aspects and advantages will be better 
understood from the following detailed description of preferred embodiments of 
the invention with reference to the drawings, in which: 
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Figure 1 is a schematic diagram of a body-coupled gated diode; 

Figure 2 is a graph of the measured characteristics of the voltage vs. the 
current in the structure shown in Figure I; 

Figure 3 is a graph of the characteristics of the threshold voltage vs. the 
body bias of the structure shown in Figure 1 ; 

Figure 4 is schematic diagram of a first network using NFET 
implementation; 

Figure 5 is schematic diagram of a first network using PFET 
implementation; 

Figure 6 is a schematic diagram of a PFET/NFET switch with body 
limiting devices and RC coupling of the gate; 

Figure 7 is a schematic diagram of a body limiter with a resistive divider 
and gate RC coupling; 

Figure 8 is a schematic diagram of a body limiter with a resistive divider; 

Figure 9 is a schematic diagram of a resistive divider using polysilicon 
SOI diodes; 

Figure 10 is a schematic diagram of a resistive divider using dynamic 
threshold SOI MOSFETs; 

Figure 1 1 is a schematic diagram of a body charging device with a body 
charging element; 

Figure 12 is a schematic diagram of a body charging device with a B/G-C 
DTMOS body charging element; 

BU9-99-193 6 


Figure 1 3 is a schematic diagram of a body charging with an NFET and 
PFET clamp network; 

Figure 14 is a schematic diagram of a body limiter; 

Figure 15 is a schematic diagram of first embodiment of an RC coupled 
body pass transistor (half-pass); 

Figure 16 is a schematic diagram of second embodiment of an RC coupled 
body pass transistor; 

Figure 17 is a schematic diagram of an alternative to Figure 16; 

Figure 1 8 is a schematic diagram of an altemative to Figure 16 using 
NFET implementation; 

Figure 19 is a schematic diagram of an altemative to Figure 16 using 
PFET implementation; 

Figure 20 is a schematic diagram of an altemative to Figures 18 and 19 
using PFET and NFET implementation; 

Figure 21 is a schematic diagram of a first embodiment of a polysilicon 
gate diode-referenced body pass transistor; 

Figure 22 is a schematic diagram of a second embodiment of a polysilicon 
gate diode-referenced body pass transistor; 

Figure 23 is a schematic diagram of a B/G-C diode reference pass 
transistor; and 

Figure 24 is a schematic diagram of a B/G-C diode voltage divided-pass 
transistor. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 


As mentioned above, ESD protection is becoming increasingly important 
in current technologies. Convention ESD protection devices can be destroyed if 
5 there are forced to accept excessive current. The invention described below 
allows an improved ESD robust network. 

One approach to solving the aforementioned problems, mentioned in US 
Patent 5,81 1,857 to Assaderaghi et al. (hereinafter Assaderaghi) which is 
incorporated herein by reference, discloses a body-coupled gated (B/G-C) diode 

10 formed from an (SOI) field-effect transistor (FET). In this structure, the body, 
gate and drain of the SOI FET are tied together, forming the first terminal of the 
B/G-C diode. The source of the SOI FET forms the second terminal of the B/G-C 
diode. Both NFETs and PFETs may be used to create the forward-biased 
operation of the B/G-C diode. 

1 5 However, the device disclosed in Assaderaghi is limited to operating in a 

diodic mode. Assaderaghi is an example of application of a dynamic threshold 
technique applied to an SOI MOSFET and configures in a diode-configuration. 
To the contrary, the invention utilizes body-coupled devices in a wide variety of 
circuit structures. 

20 One configuration of a B/G-C diode is shown in Figure 1 . More 

specifically, Figure 1 illustrates an NFET B/G-C diode 10 that is formed from an 
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SOI MOSFET 30 having an isolation region 24, buried oxide 12, and silicon 
substrate 14. Two N+ regions are formed, a source region 16 and a drain region 
17, on a P-type body region 18. A gate electrode 22 overlies a gate insulator 21 
and defines the gate of the MOSFET 30. A surface channel 23 lies below gate 
insulator 21 and on the surface of the P-type region 18, wherein the P-type region 
is also known as the channel. The source 36, drain 34, body 38 and gate 32 
terminals are affixed to the source region 16, drain region 17, body node region 18 
and gate electrode 22, respectively. Terminal A, coupled to the body 38, drain 34, 
and gate 32 terminals, and terminal B, coupled to the source terminal 36, form the 
input and output of an N+/P type B/G-C diode 10. Although not shown, the 
connections of the terminals can be easily done at any of the metal layers of 
MOSFET 30. 

The operation of the MOSFET B/G-C diode shown in Figure 1 takes place 
in two current regions, as illustrated in greater detail in Figure 2. In the first 
current region, the B/G-C diode provides ideal diode characteristics. In the second 
current region the B/G-C diode provides ESD protection. In general, the first 
current region of the B/G-C diode corresponds to the functional voltage range 
from approximately 0 volts to approximately Vdd, wherein Vdd is the power 
supply voltage. The exponential portion of diode characteristics, though, is 
typically limited to zero to approximately +/-0.7 volts because of external and 
parasitic series resistances. The second current region of the B/G-C diode 
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corresponds to the range approximately below zero and above the power supply 
voltage, Vdd. 

For the second current region, ESD protection is provided under two turn- 
on conditions of the MOSFET B/G-C diode. The first turn-on condition occurs 
when the voltage of the body 38 exceeds the voltage of the source 36. When this 
condition occurs, a forward-biased diode attribute allows a current flow from the 
body terminal to the source terminal. 

The second tum-on condition occurs when the voltage at the gate 32 
exceeds the threshold voltage. That is, as the signal pad voltage increases, the 
body voltage and the gate voltage will also increase. When the body voltage 
increases, the threshold voltage decreases. Thus, when the gate voltage exceeds 
the threshold voltage, current will flow from the drain terminal to the source 
terminal. 

Thus, for the NFET B/G-C diode 10 (Figure 1), when a positive pulse is 
applied to the terminal of the NFET (terminal A), the current is discharged 
through the P-N diode formed by the body 18 and source 16 of the NFET 
structure. In parallel, as the body voltage increases, the threshold voltage of the 
MOSFET 30 decreases, creating a dynamic threshold and ideal diode 
characteristics. As the threshold voltage of the NFET decreases, the gate-coupling 
of the NFET turns on the NFET in parallel with the diode. A unique aspect of the 
B/G-C diode is the parallel operation of diode characteristic of the diode and the 
body and gate coupled MOSFET interaction. The B/G-C diode uses body- 
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coupling to lower the absolute value of the threshold voltage and gate-coupling to 
turn on the BSD MOSFET element prior to NFET snapback. 

Likewise, for a PFET B/G-C diode which is also illustrated and discussed 
in Assaderaghi, when a negative pulse is applied to the terminal of the PFET 
(terminal A), the current is discharged through the N-P diode formed by the body 
and drain of the PFET structure. In parallel, as the body voltage decreases, the 
magnitude of the threshold voltage of the PFET decreases, again creating a 
dynamic threshold and ideal diode characteristics. As the threshold voltage of the 
PFET decreases, the gate-coupling of the PFET turns on the PFET in parallel with 
the diode. 

A distinguishing aspect of the B/G-C diode as compared to other diodes is 
the parallel operation of diodic characteristic of the diode and the body 25 and 
gate coupled MOSFET interaction. That is, the B/G-C diode uses body-coupling 
to lower the absolute value of the threshold voltage and gate-coupling to turn on 
the ESD MOSFET element prior to FET snapback. 

Figure 2 illustrates the operation of the NMOSFET B/G-C diode 10 (lines 
52 and 56) compared to the operation of a non-B/G-C diode (lines 54 and 58). On 
the left vertical axis of the graph is a log scale of the current at the first current 
region (pertaining to lines 52 and 54), indicating the subthreshold regions of 
MOSFET 30 (line 52) and the FET of the non-B/G-C diode (line 54). The other 
vertical axis of the graph illustrates the linear scale of the current at the second 
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current region (pertaining to lines 56 and 58), indicating the ESD operational 
mode of MOSFET 30 (line 56) and the FET of the non-B/G-C diode (line 58). 

At the first current region, the B/G-C diode (line 52), unlike the non-B/G- 
C diode (line 54), attains an ideal subthreshold swing of 60 mV/decade. This 
identity is possible through the coupling of the body to the gate of MOSFET 30. 
That is, the gate voltage is directly applied to the body instead of being 
capacitively coupled, as with the conventional non-B/G-C diode. 

The B/G-C diode, with an identity factor of 1, produces a 60 mV/decade 
slope (line 52), and the non-B/G-C diode, with an identity factor of approximately 
1 .45, produces a slope of around 87 mV/decade (line 54). As aforementioned, a 
60 mV/decade slope is important in analog applications for functions such as 
voltage reference, phase-locked-loop, and voltage regulators. 

At the second current region (lines 56 and 58), the ESD protection 
provided by the non-B/G-C (line 58) diode is minimal, quickly being dominated 
by series resistance 59, where the voltage begins to increment proportionally to 
the current. The ESD protection provided by the B/G-C diode is much greater 
(line 56). The B/G-C MOSFET at this point may be conceptually treated as a 
bipolar device with large (and sometimes infinite) current gain. The drain current 
can be modeled as the collector current, and the body (gate) current as the base 
current. Even though for ease of analysis this device may be treated as a bipolar 
device, it is indeed a MOSFET since the current conduction is through the surface 
charmel and is controlled by the gate. The "apparent" gain of the "bipolar" device 
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is large, because the threshold voltage (Vt) of the MOSFET is being modulated by 
the applied bias to the silicon film. This gives the appearance of large bipolar gain 
at low biases. 

Figure 3 demonstrates the modulation of the threshold voltage by the 
applied body bias. The modulation of two devices is depicted. One of the devices 
has a shorter channel length than the other. Line 61 illustrates when L^^^^, the 
drawn dimensions of the channel length, is equal to 0.25^m, and line 62 illustrates 
when Ljn,^ is equal to 0.20)in. Thus, the B/G-C diode uses body-coupling to 
lower the absolute value of the threshold voltage and create a dynamic threshold. 
Consequently, control of the threshold voltage allows for excellent control of the 
diode characteristics. Furthermore, by changing Vt-adjust implants (implants that 
are utilized to control the threshold voltage) of a MOSFET, the I off the B/G-C 
diode (e.g., loff of the MOSFET) can easily be changed by several orders of 
magnitude. This change is depicted by moving line 52 to the left or right, which is 
not easily accomplished in regular diodes. 

Carrying the bipolar analogy one step further, it becomes clear why 
connecting the collector and base together will form a diode. Here, the gate and 
the body may form the base terminal, the drain may be the collector terminal, and 
the source may be the emitter terminal. Even though the base (gate) current might 
have non-identity, its sum with the collector current will remain ideal because the 
collector current is several orders of magnitude larger than the base current. As 
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seen, this diode will have a much larger current than the conventional diode of the 
same size, 

SOI MOSFETS achieve an ESD robustness of less than 1 V/|im with the 
gate floating, and approximately 1 V/^im with the gate grounded. Conventional 
lateral diode elements reach a limit of EDS robustness of 5V/^m in 5S, 6.5V/|im 
in 6S and 1 1 V/jim in 7S. With the body coupled and gate coupled structures 
described below, the ESD robustness of the inventive MOSFET achieved 
I8.8V/|im. From these results, it is clear that, with the invention, the robustness 
of pass transistors can be assisted by body coupling. This improves ESD 
robustness by augmenting the action of the diode elements. The inventive 
elements provide current bypass to assist in the ESD robustness. 

More specifically, in one embodiment, the inventive structure is a pass 
transistor, which incorporates networks that bias, couple, and set the body voltage 
during such overvoltage phenomenon. Another embodiment of the invention is a 
resistor/capacitor (RC) coupled body pass transistor. 

Figure 4 illustrates a network according to the invention that uses an 
NFET implementation. In Figure 4, a pad 40, a capacitor 41 , a pass transistor 43, 
a resistive transistor 42, and element 44, which limits the voltage that the body 
can rise to and sets the reference voltage, are illustrated. The body 45 of the pass 
transistor 43 is connected to the input 40 by the RC network (e.g., resistive 
transistor (e.g., buried resistor) 42 and capacitor 41) such that when a pulsed event 
occurs (e.g., overvoltage, overcurrent), the voltage of the body 45 rises. This 

BU9-99-193 14 


voltage rise of the body element 45 lowers the threshold voltage of the pass 
transistor 43, which causes the pass transistor 43 to turn on. In this state, the body 
45 is dynamically coupled, thereby allowing a higher current drive, a lower turn- 
on voltage and at the same time, less voltage stress. 

The structure in Figure 4 is an NFET implementation of the invention. 
Figure 5 illustrates a PFET implementation, which operates as described above 
except, capacitor 41 and resistive transistor 42 initiate RC coupling of the gate 45. 
Element 44 acts as a voltage reference which limits the body potential to the 
reference voltage V„f. In an ESD event, the RC network couples the gate 45 of 
the pass transistor 43. 

Similarly, Figure 6 illustrates a PFET/NFET switch which includes RC 
networks 41, 42 which operate as described above. In addition, the structure in 
Figure 6 includes body limiting devices 60 which limit the body voltage during 
functional operation. In the example shown in Figure 6, the body limiting devices 
60 are coupled to reference voltages of = Vdd - (FVJ + 0.5V) and V„<y = V^^ 
+ 0.5 V for the RC networks. The body limiters 60 can be any devices well known 
to those ordinarily skilled in the art (e.g., NFET, PFET, etc.) that are used to limit 
voltage or provide a reference voltage. 

Figure 7 illustrates a similar structure; however, the resistive transistor 42 
is replaced with a conventional resistor 71 . As would be known by one ordinarily 
skilled in the art given this disclosure, the resistive transistors 42 and resistors 71 
can be generally substituted for one another in the structure disclosed herein. In 

BU9-99-193 15 


this implementation, the body voltage is coupled by the two NFET devices 60 in 
series, fonning a resistive divider as well as a second parallel current path. When 
the pad voltage increases, node 45 rises, increasing the current drive of element 
43. 

Similarly, in Figure 8, the structure includes body limiter elements 60. 
However, in the structure shown in Figure 8, the gates 70 of the body limiter 
elements 60 are connected to the voltage source Vss or to a reference voltage. 
This separates the gates from the pad input node and allows setting the reference 
values of the elements 60. 

Figure 9 illustrates a similar structure; however, the body limiter elements 
comprise lateral unidirectional bipolar transistors 90 (known as Lubistors). 
Lubistor elements have been shown to provide higher BSD robustness compared 
to MOSFET structures. The Lubistors cause node 45 to provide body modulation 
and increased current drive for element 43 as well as to provide an alternative 
current path. 

Figure 10 again shows a similar structure; however, the body limiter 
elements are replaced with dynamic threshold SOI MOSFETs 100. Dynamic 
threshold B/G-C diodes have lower turn-on voltage than Lubistors. In a similar 
manner, Figure 1 1 illustrates a transistor 110 (e.g., body limiter element) which 
has its gate 1 1 1 connected to the gate 1 12 of the pass transistor element 43. As 
the gate 1 12 rises, the gate of element 1 1 1 rises, turning on element 1 10. This 
charges the body of element 43, providing increased current drive. 
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Figure 12 illustrates a similar structure having body and gate-coupled 
dynamic threshold device 120 as the body charging elements. In this case, both 
the gate and body of element 120 rises, having an increased body charging and 
higher current drive. This causes node 45 to rise faster than the circuit in Figure 
11. 

Figure 13 illustrates a clamp network having pass transistors 43, a pad 40 
and body charging elements 130 which function in a similar manner as discussed 
above. As the pad rises, the gate of element 130 rises, causing the element 130 to 
turn on, charging the body of element 43. For negative pulses, the PFET 130 
turns on, causing the element 43 to ground to have its body rise. 

Figure 14 is similar to Figure 13; however in Figure 14, the body limiter 
elements 140 are connected directly to the pass transistors 43. In element 40, the 
body voltages are limited to the reference levels, V„f, and V,^. 

Figure 15 is an equivalent circuit to that shown in Figure 4 in that the pad 
40, capacitor 41, resistor 71 (42) and the pass transistor 43 are illustrated. Figure 
15 also shows the receiver 150. This equivalent circuit is provided to more clearly 
explain the embodiment of the invention shown in Figure 16 which is a resistor- 
divider referenced body pass transistor. 

In Figure 16, the pass transistor 43 is connected between the pad 40 and 
the receiver 150. A first resistor 160 is placed between the pad 40 and the body 
element 45. The first resistor 160 is connected between the body 45 and the drain 
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side 162 of the pass transistor 43. A second resistor 161 is placed between the 
body element 45 and the source side 163 of the pass transistor 43. 

As the voltage rises on the pad node 40, the body 45 voltage rises with the 
pad 40. When the body 45 voltage rises, the threshold voltage of the pass 
transistor 43 is ^educed, reducing the voltage drop across the pass transistor 43. 
Secondly, the two resistors 160, 161 act as a divider to limit or set the body 45 
voltage relative to the pad 40 to reduce voltage stress. At high current, the parallel 
elements 160, 161 will also provide a second current path to further increase the 
robustness of the pass transistor element 43. 

In an alternative embodiment, the two resistor elements 160, 161 can be 
two MOSFETs 170, 171, 180, 181 as shown in Figures 17 and 18. The gates of 
the MOSFETs, can be activated by an external pulse, or be turned on by a 
reference voltage or connected to Vdd. The two MOSFETs can be p-chaimel or 
n-channel or one of both. In all cases, the body-biasing network sets the body so 
that the voltage is defined on the body and rises with the input node. In all cases, 
the two elements limit the maximum voltage across the pass transistor as well as 
provide an alternative current path. In Figures 17 and 19, these can be 
independently biased whereas Figure 18 is activated by gate 182 potential. Figure 
20 is equivalent to Figure 19 and illustrates that conventional resistors R„ Rj can 
be used or resistive NFET and PFET transistors 200, 201 can be substituted into 
the circuit to achieve the same result. 
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Yet another embodiment of the invention is a polysilicon gated diode- 
referenced body pass transistor, as shown in Figure 21 . In SOI, lateral diode 
elements are constructed using a P+ anode, a gate, and an N+ cathode. By using 
two diodes or more in a series configuration, the voltage level of a pass transistor 
5 element can be set for body-biasing and reduced voltage stress. In the embodiment 
shown in Figure 21, the pass transistor 43 is between the pad 40 and the receiver 
1 50, and at least one diode 210 is used in parallel with the pass transistor 43. 

The diode 2 1 0 is a Lubistor or SOI-gated diode and is positioned between 
the drain 21 1 and the body 45, so that the diode's anode is at the drain 211 and 

10 cathode is at the body 45. As the pad 40 voltage rises, the diode 210 forward 

biases, increasing the voltage of the body 45. This provides more current drive to 
the pass transistor 43, lowers its Vt above 0.7 V and provides a second current 
path in series with the pass transistor drain. The pass transistor body-source 
junction (45, 21 1) can act as a diode in series with the poly-bound diode 

1 5 (Lubistor) element 2 1 0 so that, at voltages above 1 .4 V, the combination acts as 
two diodes in series. Thus, this network effectively provides a body-coupled 
MOSFET in parallel with a "series diode string" between the pad and the receiver 
network. 

The structure shown in Figure 22 is similar to that shown in Figure 21 and 
20 includes a second Lubistor or gated diode element 220 connected to the body 45 
and the source 221 of the pass transistor 43. This sets the body 45 of the pass 
transistor 43 as the center node of the two diode elements 210, 220. The body 45 
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voltage is then set as a reference voltage between the two diode elements. If 
current flows through the circuit shown in Figure 22, the center point voltage 43 
can be set by the body series resistance as well as the forward voltage potentials. 
Thus, this circuit produces body coupling of the pass transistor 43 for reduced 
voltage stress, increased current drive and improved delay, as well as an 
alternative current path to enhance the pass transistor BSD robustness. In this 
embodiment, the number of diodes can be varied to make this dynamic threshold 
metal oxide semiconductor (DTMOS) concept suitable for SOI networks between 
1.5 VVdd and below. 

Another embodiment of the invention is a body/gate coupled diode 
reference body pass transistor, as shown in Figure 23. In this embodiment, the 
element for the "diode reference" circuit is a body-and gate-coupled MOSFET 230 
whose gate, body and drain are connected. The B/G-C diode element is placed 
between the body 45 and the drain 21 1 of the pass transistor element 43. As in the 
prior embodiment, a second B/G-C diode element 230 is placed in parallel with 
the body 45 and source 221 of the pass transistor 43. The B/G-C reference 
network is then used to set the body 45 voltage of the pass transistor 45, which 
again provides the enhanced current drive and improves the delay of the pass 
transistor. This establishes a more voltage tolerant network, and provides a 
second current path to avoid pass transistor failure. As shown in Figure 24, there 
can be more than one B/G-C element (e.g., 230, 240). Body- and gate-coupled 
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elements have demonstrated a higher ESD robustness and lower turn-on voltage 
compared to Lubistor elements. 

In charged device model (CDM) events, the current of the ESD pulse 
comes from inside the chip and looks for any path to get to the grounded pad. The 
current either comes from Vdd, Vss, or elements contained in the receiver circuit, 
hi all of the cases, the pass transistor is typically an element in the path of failure. 
Hence, for CDM events, the identical issue is present but the elements 
(MOSFETs, references, diodes, B/G-C elements, resistors) role is reversed where ' 
the current is coming from the source instead of from the pad's side on the drain. 
The invention provides a new family of pass transistor logic circuits that are 
voltage tolerant and robust pass transistors in SOI and have performance delay 
advantages, current drive advantages and other functional concerns. These 
embodiments do not preclude addition of other elements for voltage tolerant gates 
which could be used in conjunction with these pass transistor elements, as would 
be known to one ordinarily skilled in the art given this disclosure. 

While the invention has been described in terms of preferred 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the appended claims. 
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